The mobilities of mass-identified U + and Hg + ions in helium have been determined in a drift tube-mass spectrometer apparatus. For uranium *f" 9 ions a reduced mobility value |j. o = (16.0 -0.5) cm /V-sec is obtained at 305°K and a standard gas density of 2.69 x lO 1^ cm~3. The mobility of mercury ions is g, o = (19«^ -0.5) cmy^-sec at 292°K, in agreement with two previous determinations. The effect of fast ion injection in drift mobility measurements is discussed, and a new technique to circumvent these problems is described. The results are compared with existing theories of ion mobilities. *
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I. Introduction
Ionic mobilities in rare gas have been of both experimental and theoretical interest for a long while, and a rather large body of data is available for comparison with theory. We have recently carried out some drift tube measurements of ion-molecule reactions of uranium ions with atmospheric gases' ', for which accurate determinations of the mobility of uranium ions in helium (used as a buffer gas in that experiment) are necessary. The results of these ion mobility determinations and some of the special problems encountered in mobility measurements of heavy ions in light gases are the subjects of the present article. In addition, we present our measurements of the mobility of mercury ions in helium (for which two independent earlier determinations exist' 2 >3J) -which were carried out to test the validity of the experimental procedures used,,
•**
II. Method of Measurement
The drift tube-mass spectrometer apparatus and the electron impact ion source for production of uranium ions shown in Fig, 1 have been described earlier'^'. A pulse of ions lasting typically 5-10 usec is injected from the source into the uniform field region of the drift tube.
A fraction of the ions which remain on axis in traversing the drift region (length, 15o75 cm) effuse through the small exit orifice into the differentially pumped quadrupole mass spectrometer, where they are mass-identified and counted with the aid of a channeltron electron multiplier. The counts at each arrival time interval are stored in a multichannel analyzer operating in a time-of-flight mode.
In the present experiment, a water cooled jacket surrounding the ion source and the flange connecting it to the drift tube has been added to eliminate heating of the drift tube by the evaporator filament -which dissipates about 150 W of electrical power. With these precautions the temperature of the drift tube vacuum enclosure remained at about 29° C, and no effect on the gas density was detected when the evaporator was turned on. Furthermore, no effect of getter pumping of helium by the uranium evaporator was noted. (By contrast, attempts to measure the mobility of uranium ions in nitrogen were abandoned because the nitrogen pressure in the drift region dropped from about 0.2 Torr to one hundredth of that value only seconds after the evaporator was turned on.)
For the mercury ion studies, the evaporator filament was coated with mercury sulfate powder, which decomposes to provide mercury vapor upon heating.
In order to prevent contamination of the gas handling vacuum system by mercury vapor, a dry ice. cold trap was installed in the gas inlet lines to the ion source.
The mobility is determined from measurements of the transit time of a pulse of ions through the drift tube at a known applied electric field and gas pressure. As a result of diffusion the arrival times of individual ions are distributed about the average transit time. The time of maximum ion signal for this type of drift tube usually is within 1/2$ of the average transit time and was therefore used without correction in the analysis of the data. The time that the ions spend traversing the mass spectrometer was both calculated and measured to be UO p,sec and has been subtracted from the measured total transit times.
The ions are extracted from the ion source by means of an electric field substantially larger than that present in the drift tube. As a result of the inefficiency of momentum exchange between heavy ions and light helium atoms, the ions may penetrate deeply into the drift tube before reaching the stationary energy distribution appropriate to the applied drift field and the gas temperature. This "injection effect" leads to & reduction of the effective length of the drift region by an unknown amount and thus causes the measured mobilities to be too high. An estimate for the "depth of injection" of ions injected with an initial velocity V Q into a gas of pressure p may be obtained by multiplying the initial velocity by the time constant T for the relaxation of the drift velocity derived in a previous paper ^ '" The resulting depth of injection 8 then becomes
where \i o is the reduced mobility in cm 2 /V-sec, p the pressure in Torr, M the mass of the ion in atomic units, and £ Q the initial energy. In addition to the reversed field technique, measurements were carried out in conventional fashion but at very low ion injection energies, approaching the limit where the ions diffuse into the drift tube at thermal energy. This technique, although suffering from very poor signal strength and broader ion arrival waveforms, gave results which agreed with the results obtained by the reversal method to within 5$ (for gas pressures ^ 1 Torr).
III. Results
Following convention we express our results in terms of the reduced mobility \t, o at a standard gas density of 2.69 x lO enrS, fhe mobilities are measured as a function of E/p, where E is the drift field, and at a gas temperature of ~ 300 °K.
The reduced mobilities of U* ions in helium are shown by the lower curve in Fig. 2 . In these measurements the reversed drift field technique was used to eliminate errors due to ion injection effects. Extrapolation of the data to E/p = 0 yields a thermal energy value of p, Q = (16.0 -0.5) cm 2 /V-sec.
The Hg + mobility determinations exhibited less pronounced ion injection effects than was the case for the uranium studies. It appears that most of the mercury ions are formed indirectly by Penning ionization from metastable helium atoms and by charge transfer from helium ions rather than by electron impact ionization in the source. These processes probably take place in the immediate vicinity of the injection orifice (and in the drift region), so that the mercury ions do not traverse the accelerating potential in the ion source.
To duplicate the uranium measurements as closely as possible, the drift field was reversed for a short time after injection of an ion pulse.
This procedure has the additional advantage that the helium ions and metastable atoms have sufficient time to decay before the normal drift field direction is restored,, Thus, production of mercury ions in the drift region (which could affect the mobility measurements) is minimized,,
The measured values of the reduced mobility of Hg* ions in helium are shown by the upper curve in Figo 2. The gas temperature in these measurements is 292°K. The extrapolated zero field mobility is p, 0 = (19.4 ±0.5) em 2 /V=sec.
IV. Discussion and Conclusions
The helium. It appears, however, that the mobility of U + ions in helium is adequately described by the simple "small ion" polarization theory represented by eq. (2), even though U + is one of the larger ions studied. Thus, the observation of substantially different mobilities in helium for two heavy ions of comparable mass, Hg + and U + , provides a test for theoretical calculations on comparatively simple ion-atom systems. The mobilities of mass-identified U + and Hg + ions in helium have been determined in a drift tube-mass spectrometer apparatus. For uranium ions a reduced mobility value u 0 -(l6.0 ± 0.5) cm2/V-sec is obtained at 305°K and a standard gas density of 2.6$ x 1019 cnr3. The mobility of mercury ions is u. 0 =(l9«U ±0.5) cm 2 /V-sec at 292°K, in agreement with two previous determinations. The effect of fast ion injection in drift mobility measurements is discussed, and a new technique to circumvent these problems is described. The results are compared, with existing theories of ion mobilities. 
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